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ABSTRACT: Plotswere establishedto monitor thesuccessof advanceregenerationfor redoaksandash
on eight high quality siteson minor bottomsin Mississippi.Data werecollectedpre-andpost-harvest,and
annuallyfor 3 r following harvest.Redoak andashstemswere initially categorizedby heightclass, or by
diameterclassforthosestemsat leastI in. in dia,neterat breastheight.Survivalandcompetitivepositionwere

monitoredto provide estimatesof theprobability ofproducingat least onefree-to-growstem 3 growing
seasonsIbllowing standharvest.Regardlessof species,the competitiveadvantageoflarger seedlingsand
stioupsproutsoversmallerseedlings(lessthanIft tall) wasclear.Lessthan 10%ofthesmallerseedlingswere
free-to-growafter3 growing seasons,whereas26% to 71%of the larger seedlingsandstumpsproutswere
judgedfree-to-grow after thesameamountof time. Resultswere usedto revisean existingregeneration
assessmentsystem.Afield tally sheetwasdevelopedto aid in theapplication oftherevisedsystem.South.I.
AppI. For. 23(3): 133—138.

Oneof the challengesin hardwoodsilviculture is to suc-
cessfully regeneratestandsfollowing harvest.High value
speciessuchas redoaks (Quercusspp.)andash(Fraxinus
spp.)commonlyoccupya smallerpercentageof thenewly
regeneratedstandthan theydid in theparentstand(Beckand
Hooper1986,Loftis 1988),especiallyon productivesites.A
lackofregenerationsuccessfor redoakhasbeendocumented
in both operationaland experimentalsettings (Beck and
Hooper1986,Loftis 1988,Johnson1979, Kennedy 1989).
Much of the blameLw regenerationfailure canbeplacedon
a high mortality rate for advanceoak regenerationdue to
competitionfrom understoryspecies(Lorimer 1993). Slow
juvenile growth, poor responseto release,and a general
inability torespondto rapidchangesin theirenvironmentput
oakseedlingsat a disadvantagerelativeto moreshadetoler-
ant species in undisturbedsites, or with faster growing
specieson open,or disturbed,sites (Hodgesand Gardiner
1993).

A key considerationin the oak regenerationprocessis
the assessmentof the adequacyof advanceregeneration.
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Variouscombinationsof advancereproductionandstump
sprout potential are used or have been suggestedfor
different regions to meetdifferent stockingobjectives.
Oliver (1978),working with red oaks in the northeastern
UnitedStates,felt thatasfew as60 well-distributedstems
of advancereproductionor stumpsproutswould besuffi-
cient to provide45 dominanttreesat rotation age.in the
North Central region, Sanderet al. (1976)recommended
433 well-distributedstems/acof advancereproductionat
least54 in. tall to ensurean adequatelystockedoakstand.
In theLakeStates,a minimumof 400seedlingsor sprouts!
ac greaterthan 1 ft in heightwasusedby theUSDA Forest
Service(Arend andScholtz 1969).

Theinfluenceofsitequalitymustalsobeconsideredwhen
assessingtheadequacyof advanceregeneration.Stands ith
low or medium site quality have typically beeneasierto
regeneratethanthosewith highsitequality,mainlydueto the
greaterpresenceofcompetitionon highqualitysites(Johnson
1979.Clark 1970). Guidelines,or evaluationsystems.for
mediumand low quality sites include thosedevelopedby
Dey(1991),GrisezandPeace(1973),MarquisandBjorkbom
(1982), Sanderet al. (1976) and Waldrop et al. (1986).
Guidelinesdesignedfor highquality sitesareless common
and include efforts by Loftis (1990), for red oaks in the
southernAppalachiansandJohnson(1980), for a varietyof
southernbottomlandhardwoods.
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Johnsoncautionedthat his systemwas preliminaryand
requiredvalidation beforebroad applicationof its use.An
initial explorationof the usefulnessof theJohnsonsystem
was reported by Johnsonand Deen (1993). The authors
suggestedthat a furtherrefinementof thesystem’sthreshold
valueforadequatestocking,especiallyin relationtoseedling
stze class. may be necessary.Johnsonand Deen (1993)
recommendedcaution in concludingregenerationsuccess
for any given plot if the points neededto surpasstheir
thresholdweregeneratedmostly from smallseedlings.Con-
versely,theauthorsimplied that someplotsthat scoredjust
below the threshold,but containedmainly larger seedlings.
may indicatesuccessfulregeneration.

The objectivesof this studywereto evaluateJohnsons
system as it related to red oaks and ash on high quality
bottomlandsites, and to suggestrevisions for this system
wherertecessary.Two advantagesof Johnsons methodare
tts stmplicity and easeof use for field foresters.Any recoin-
meudatiousfor a new systemwould strive to maintain these
properttes.

Methods
Eight standslocatedon minor bottomsin threecountiesof

Mississippi (Noxubee,Oktibbeha,andWayne)werechosen
fo~the study. Althoughfourdifferentsoil typeswerepresent
in theeightstands,thesoilssharedthecharacteristicsof being
somewhatpoorly drained,with moderateto slowpermeabil-
ity, andmediutntoveryhighavailablewatercapacity.Slopes
were from 0 to 5%, surfacesoil acidity rangedfrom a pH of
5.3 to 4.5, and texturerangedfrom silty loam to silty clay
loam to silty clay. Thesitesexperiencedannualflooding for
brief periodsof timeduring thewinterandearlyspring.Red
oaksiteindices(baseage50) wereapproximately94to97 ft
(USDA 1973,1986).Theredoaksincludedin thestudywere
cherrybark(Quercuspagoda Raf.), water (Quercusnigra
L.), willow (Quercusphellos L.), and Shumard(Quercus

shumardiiBuckl.).Theonlyashspeciesincludedin thestudy
was greenash (FrwcinuspennsylvanicaMarsh.).

Prior to harvest,theoverstorycompositionof eachstand
wasnotedin termsof percentbasalareaby species.Sweetgum
(LiquidambarstyracsfiuaL.) wasthemostcommonsingle
species,accountingfor an averageof 22%of thebasalarea.

Theredoaksmentionedabovecomprisedanaverageof25%,
while ashbasalareawasonly 2%.Thelow occurrenceof ash
in the overstoryof thepre-harveststandsled to smallerthan
desirablesamplesizesin theregenerationtallies.A totalof 36
differentspeciesoccurredin theoverstoryof theeightstands.
A completelisting by basalareacanbefoundin Hart(1994).

Circularplots (1/100thac)were establishedin all stands
priortoharvest.Thenumberofplotsvariedby standsize,but
a minimum of 10 plotswereinstalledperstandfor atotalof
114 plots.Withineachplot,datawerecollectedbothpee-and
post-harvest,andannuallyfor 3 yr following harvest.Forred
oakandashseedlings,pre-harvestheightclass(< I ft. 1 —3 ft,
and > 3 ft) wasrecordedas well as the diameterat breast
height(dbh) of treesthat would potentially providestump
sprouts.Thesesize classeswere chosento coincidewith
thoseusedin Johnson’ssystem.

All eight standswereharvestedin mid-summerthrough
fall with chainsawsandrubber-tireskidders.Skiddedlog
length was limited to a maximumof 32 ft. For six of the
stands,all merchantabletimber was removed,while seed
treeswereleft onthe remainingtwo.During,orsoonafter,the
harvestingoperation,all noncommercialresidualtrees1.5 in.
indbhor greaterwerefelled. Annualremeasurementsof the
plotswereconductedfollowingthegrowingseason(between
August1 andNovember1). Height,root collardiameter,and
competitiveposition were recordedfor all red oak andash
reproduction.

Competitiveposition was defin&d as oveftopped(OT).
mediumcompetition (MC), or free-to-grow(FTG).AnOT
position wasassignedto thoseseedlingswhich had direct
overheadcompetition.AnMC positionwasassignedto those
seedlineswhich hadnot achievedthe height of surroundine
competition,but which still receiveddirect sunlieht to their
terminal leader. Au FTG position was assignedto those
seedlinaswhichwere nearlyastall or tallerthanthe immedi-
ate competition andreceiveddirect sunlight from above,or
thoseseedlineswhichhadnoimmediatewoodycompetition.
Also noted was the pfesenceof new sprouts (seedlingor
stump) for thesespecies.

The percentageof pre-harvestindividuals for all red oak
and ash regenerationsize classesthat produceda free-to-
grow stemafter 3 growing seasonswascalculated. From
thesepercentages,theprobability of producingat leastone
free-to-growindividual wasdeterminedfor eachsizeclass.A
moredetaileddescriptionof thestudymethodscanbe found
in either Hart (1994)or Hartet al. (1995).

Results

The competitivestatusof seedlingsandstumpsproutsat
the endof the third growingseasonfollowing harvestwas
summarized(TablesI and2). Sizeclassesfor stumpsorigi-
nating from trees more than 5 in. dbh arenot presentedin

Table I or 2 since too few observationswere recordedto
allow meaningfulpercentagesto be calculated. Also, the

small samplesizesfor theashregenerationresultsthat are
presented(Table 2) suggestcaution in drawingconclusions
from thesedata. Regardlessof species,however, thecom-
petitive advantagethat larger seedlingsandstump sprouts
had over smaller (K 1 ft tall) advanceregenerationin this

studywasclear.Lessthan 10%of thesmallerseedlingswere
free-to-growafter3 growing seasons,whereas26% to 71%

of thelargerseedlingsandstumpsproutswerejudgedfree-to-
grow after the sameamount of time. Unfortunately, fey.

studies in the southernUnited States,as comparedto the
north-centralstates,havebeencompleted,verifying therole
of stump sproutingfor treesof any given dbh. Relianceon
stumpsprouts,even thosefrom small diametertrees,may
involve significantrisk.

Applicationof StockingProbability
EarlierresearchincentralMississippibottomlandhard-

woodstandssuggestedthat approximately75 to 100 free-
to-growoakstems/acweresufficientto assurefull stock-
tng (ClatterbuckandHodges1988).Thus, if a ‘stocked’~
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Table 1. Percentof thered oak stemsexisting prior to standharvestthatsurvived3 yr afteroverstoryremoval,
reportedby competitive position and sizeclass. Resultsare from plots located on minorbottomsof Mississippi.

Initial size class n Mortality

Competitiveposition’~

OT MC FTG
(%)

Seedlings
< I ft 239 70.7(2.9)’ 12.5 (2.1) 8.4 (1.8) 8.4 (1.8)
l—3 ft 159 44.6 (3.9) t4.5 (2.8) 14.5 (2.8) 26.4(3.5)
>3 ft 122 49.2 (4.5) 4.9 (t.9) 7.4 (2.4) 38.5 (4.4)

Stumps”
I—S in. 37 70.3 (7.5) 0.0 (0.0) 0.0 (0.0) 29.7 (7.5)

The three possibte competitive positions were: OT = ovenopped, MC medium competition, end FTG = free-to-grow.
t Numbers in parentheses indicatethe standarderrors of the reponed percentages.
ft tJbh of tree that resulted in stump, in 1 in. classes (i.e., 1—5 in. sizeclasscontainspre-harvesttreeswith dhh’s from 1.5 to 5.5 ni.

2 seedlings< 1 ft

2 seedlingsl—3 ft

I seedling> 3 ft

I tree I--S in. dbh

the results in Table I (see FTC column) and the PETO
equationwould be appliedas follows:

PFTG= 1— [(1 ~0.084)2 (I —0.264)~ (1 ~0.385hl

(1 —0.297)’] = 0.803

Thus, theplot hasaboutan 80% chanceof producing at
leastoneFTC red oak. Similarly, a surveyof advanceash
regenerationwould usetheFTG percentagesin Table 2 and
thePFTGequationto calculatethechanceof producingat
leastoneFTC ash.Of course,the information in both Tables
1 and 2 could be used togetherto calculate the overall
probability thata plot would produceat leastonedesirable
stem(either red oakor ash). For example.if aregeneration
inventory plot had the following advancered oakandash

reproduction,

9 redoakseedlings< 1 ft

3 ashseedlings< 1 ft

Initial sizeclass n Mortality OT MC FTC
(%)

Seedlings
< 1 ft II 72.7(t3.4)~ 18.2 (11.6) 0.0 (0.0) 9.1 (8.7)
1—3 ft 24 20.7 (8.3) 4.2 (4.1) 8.4 (5.7) 66.7(9.6)
>3 ft 44 18.2 (5.8) 0.0 (0.0) 15.9 (5.5) 65.9(7.1)

Stumps”
I—S in. 14 14.3 (9.4) 0.0 (0.0) 14.3 (9.4) 71.4(12.t)

plot (l/lOOac in size)is definedashavingat leastonestem
that is free-to-growat theend of the third post-harvest

growtngseason,andthe FTC percentagesfrom Tables I
and 2 aretreatedas probabilities,then the probability of
stocking may be calculatedfor eachsizeclass,indepen-
dently, using

PFTG= I—}7J [l—P(FIc~)]~

where

PFTG probability aplot will produceat leastonefree-
to-grow stemafter3 growingseasons

= stemsizeclassc~ (i.e., < I ft. l—3 ft, and> 3 ft
tall)

= numberof seedlingsin sizeclass

P(F c) = probability thataseedlingwill befree-to-grow
giventhat it is in classc-

r = numberof classeswith at leastoneindividual
present

For example,if aparticularregenerationinventoryplot has
thefollowing advanceredoakreproduction,

Table 2. Percent of the ashstems existing prior to stand harvest that survived 3 yr after overstory removal, reported by
competitive position andsizeclass.Resultsare from plots located on minor bottoms of Mississippi.

Competitiveposition*

The three possihie competitive positionswere: OT ovenopped, MC = mediumcompetition.and FTG = free-to-grow.
t Numbers in parentheses indicatethe standarderrors of the reponed percentages.
tt Dbh of tree that resulted in stump, in 1 in. classes(i.e., 1—Sin. size class contains pre-harvest trees with dbh’sfrom 1.6 to 5.5 in.).

SJAF23(3l 1999 135



I ashseedling>3 ft

1 redoaktree I—S in. dbh

theresultsin Table I andTable2 (seeFTC column)andthe
PFTGequationwould beappliedas follows:

PFTG = 1 — 1(1 — 0.084)~ (I — 0.09l)~ (1 —0.659)’

— 0.297)’] —0.918

Thus, the plot hasabouta 92% chanceof producingat least
onedesirableFTC stem(either redoak orash).

The PFTGequationis relativelyeasyto usein theoffice
andlendsitself well to aspreadsheetenvironment,but it may

becumbersometo applyin the field. Oneof theadvantages
of the systemdesignedby Johnsonwas its easeof use.The
asstgnmentof points to eachstemon the plot, usingatally
sheetformat, was easy to understandand apply by field
foresters. ‘1’he poittts for each stem on the plot were added,

and if the total exceeded12. then the plot was considered

stocked. The disadvantage of the system was that it did not
provideanestimateof theprobabilityof stocking,but simply

anindicationof whethertheplot shouldbeconsideredstocked
(12 or more points),or not stocked(lessthan 12 points).

Evaluationof Johnson’sSystem
The probabilitiescalculatedfrom Tables I and2 can be

usedto evaluatethe reproductioninventory systemdevel-
oped by Johnson(1980). Any plot receiving 12 or more
points in Johnson’ssystemwas consideredastockedplot.
The points assignedto the different size classeswere as
follows, regardlessof species(red oakor ash):

seedlingsK 1 ft—I point each

seedlings1—3 ft—2 pointseach

seedling > 3 ft—3 points each

trees 1—5 in. dbh——3points each

Using the 12-point minimum for stocking, 12 seedlings

less than 1 ft in height would result in a designationof
“stocked” for anygivenplot. The actualprobability that the
plot would produceatleastoneFTC stem,usingTable1 and
thePFTGequationwould be0.65,ora65%chanceof theplot

beingstocked.Similarly, if 6 seedlings1 —3 ft in heightwere
recordedfor a plot, again the plot would be considered
“stocked”; however,theactualprobability of producingat
leastoneFTC stem would be 0.84, or an 84% chanceof the
plot beingstocked,The samecalculationshavebeencon-

ductedfor the restof thesizeclassesfor red oakstems,and
for all ashstem sizeclasses.The resultsaresum~rtarizedin
Table3.

It is apparentfromTable 3 thatfor anygivenplot consid-
ered“stocked” underJohnson’ssystem,thechanceof pro-
ducingat leastoneFTC stem,dependingon speciesandsize
class,mayrangefrom alow of 65% to ahigh of 99%. If one
were to assumethat aboutan 80% chanceof producingat
leastone FTC stetnwas anacceptableindicatorof a stocked

Table3. Stockingprobabilities associatedwith thepointsystem
developedby Johnson (19801to assesspotential regeneration
successfor southernbottomland hardwoodstands.Probabilities
were calculated independently for each size class using the
percentageof seedlingsinitially found in pre-harvest plots that
survived and were free-to-grow 3 yr after stand harvest.

Mm no. stems for
stocked plot~

Redoak Ash

Probability of
producingat least

oneFTC stem

Red_oak Ash
Initial
size class
Height

I ft 12.0 12.0 0.65 0.b8
t—3 ft 6.0 6.0 0.84 0.99
>3 ft 4.0 4.0 0.86 0.99

Dbh’ (tin, classes)
I-S in. 4.0 4.0 0.76 0.99

Flecommended hy Johnson’s 19801 system.
i 0th of treethat resultedin stomp,in t-in. classeslie,, 1—5 in. sizeclass

containspro-harvesttreeswitn gob’sfrom 1,6 to 5.5 in..

plot, thenthepoinr alueassignedfor small seedlingsseems
to be too high. More than 12 seedlingsin this classwoul’d be
requiredto provide a reasonablestockingprobability. Con-
versely,thepoint valueassignedfor largerashseedlings(l.iIi

to 3.0ft. and>3.0ftl and stumps (Ito 5 in. dbh I x\ ould appeac
to be too low.

Point SystemRevision
If thepoint systemwererevisedto reflectthequantitative

information available from the currentstudy. then thedis-
crepanciesin stockingprobability would be eliminated. In
other words, thesametotal pointsgeneratedfrom stems in

anysizeclass,orspecieswould resultin thesameprobabilil\
of stocking.However,it is likely thatanacceptablethreshold
for stockingprobability would differ by situation,andby the

experienceof individual fnanagers.Rather than settinga
staticthreshold,it may be that providing theexpectedprob-
ability of stocking for eachplot would be more useful to
decision-makers.

A revisedpoint systemmay be developedfrom theFTC
percentagesin Tables I and 2, using the smallest FTC
percentageasacommondenominator.Theredoakseedlings

in the “less than 1 ft” height class have the lowest FTC
percentage,0.084 (Table I). It would takerelativelymoreof
theseseedlingson a plot to assurethesameprobability of
stockingthan ifa seedlingin anotherheightclass(or another
species)waspresent.Therefore,if red oak seedlingsin the

smallestheightclassxveregivenatotal of I pointeach,other
seedlingsshouldbe assignedrelatively morepoints for each
stempresenton aplot. Thenumberofpoints to assignto each

height class,by species,can be determinedby solving the
following equation

1 —(1 —0.084) 1 —[1 ~P(FIciJ] ~

forp1,wherep~ is defined asthe relativenumberof points to
be allotted to sizeclassc.

Forexample,thenumberof points to beassignedto stems
in the red oak height class of ‘~I.0 to 3.0 ft” would be
calculatedas

I —(I ~0.084)t = I —III ~0.264]tP
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and solving for p~ would yield

3.49

Every red oak stemcountedin this classwould receive
approximately3.5 points.Thesameprocessmayberepeated
for eachsizeclassandspecies,leadingto theresultssumma-
rizedin Table4. Thepointspercounthaveall beenrounded

to the nearesthalf-integerto facilitate theapplicationof the
revisedpoint systemin atally sheetformat.

Tally SheetRevision

The information from Table 4 was used to producea
revisionof Johnson’stally sheet(Figure 1) for the inventory
of advancered oakand ashreproduction.The form is de-
signedfor usewith I/I 00-acplots.Redoakandashregenera-
tion countsaremaintainedseparatelyto allow for indepen-
dentevaluationof regenerationpotentialby species.Thetotal
count for either species,or for eotnbined speciesmay be
comparedto the probabilitieson the right sideof the tally
sheet.For example,if the following stemcountswerenoted
for aplot.

6 redoakseedlings< 1 ft

Eachof thesix redoak.seedlingsreceives1.0 point. while
the 1 —5 in. redoaktreereceives4.0 points for atotal of 10

points. Ten pointscoincideswith a58% probability of the
plot producingatleastoneFTC redoakstem(seethetableon
the right side of the tally sheet,Figure 1). The two ash

seedlingseachreceive12 points for atotal of 24. This total
indicatesan88%probabilitythattheplot will produceatleast
oneFTC ashstem.The redoak andashpoints may also be
combinedto yield 34total points,whichwould coincidewith
a95% stockingprobability for the plot.

In practice,aseparatetally sheetshouldbecompletedfor
each plot, and the results averagedfor the stand being
evaluated.A high level of variationacrossplots,evenwhen
theoverall averagestockingprobability is high, would indi-
catethattherearesomeareasin thestandthatmay not show
evidenceof adequateadvanceregeneration.Thespatial dis-
tribution of regenerationmaybe asimportantastheaverage
stockingprobability to thefuture stockingof thestand,it is
recommendedthattheplotsbeestablishedon agrid thatwill
allow theresultsto bemappedonto thestandto helpvisualize

Plot5 __________

Date _______

Loatiss

Scas(3ass RedOaks

Iteight coast
points per

coant
Total
Poists

t.e
tto3ft 3.5

>36 5.5

ObS (t-iie. otassos)

toSis. 4.0

Total redsakspoisesfor thisptot

SorOass

ttetgbt

Ash

r.oo,o
poiso per

coast
Total
Poises

<Is t.s

tto36 t2.5

>30

25

Obs (I-is classos)

tto>is
tOO

Totalashpoisesfor thisplot

(‘otobised redoak rd ashpoisesfor thisplot

Troat P,srtt Prohahilirs

35 0.95
34 0.95

33 0.94
32 0.94
31 0.93
30 0.93
29 13.92
29 0.91
27 0.92
26 090
25 099
24 - Ott
23 097
22 Ott

21 094
20 093
15 Ott

It 079
t7 577
16 syS
It 073
14 07t
13 069
12 055
II 0.52
15 058
9 Ott
O 050
7 046
5 041
S 036
4 030
3 023
2 016
I 000

Probahility ofashstocking

Probabilityof eitherrealoakorashoockisg ________

Figure 1. Field tally sheetfor regeneration assessment.The tally
sheet was basedon the point system developed by Johnson
119801andrevisedto reflect free-to-grow probabilities generated
by the current study.

thedistribution of stockingprobability. In this way, problem
areasmay be identified andfurther investigated.

Conclusion

The concernsof JohnsonandDeen(1993)regardingthe
relianceon smallseedlings(K 1.0ft), evenon thoseplots that
surpassthe threshold of 12 points postulatedby Johnson
(1980), or possibly discounting theeffectivenessof large
seedlingsthat approach,but do not surpassthe 12 point
threshold, havebeen confirmed by this study. Although
Johnson’ssystemwaswell designedandvery useful in its
original forni. the system gave too much weight to small
seedlings,both for redoaksandash,whendetermining the

stockingof anygivenplot. Also, theuseof athresholdvalue

Table4. Summaryof therevised pointsper count assignedto eachregeneration-sizeclassandspecies.Revisions
were madeto the point system proposedby Johnson (19801to reflect the free-to-grow probabilities found in the
current study. All points presented wererounded to the nearest half-integer.

Initial sizeclass
Redoaks Ash

FTC % Pointsper count FTC (00) Pointsper count
Height

<I ft 0.084 1.0 0.091 1.0
1—3 ft 0.264 3.5 0.667 12.5
>3 ft 0.385 5.5 0.659 12.0

Dbh* (1 in. classes)
1—5 in. 0.297 4.0 0.7 14 14.0

Dhh oftreethatresultedinstump. in 1-in. classesli.e..1—Sin.sizeclassconoainspre-harvesttreeswithdbh~sfromiSto 5.5 nI.

2 ashseedlings>3 ft
Probabilityof redoakstockiag

I red oaktree I — 5 in. dbh
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to designatestockedversusunstockedplots canbe elimi-
natedby simply estimatingtheprobability of stockingdi-
rectly. Decisionson the adequacyof advanceregeneration
canthusbe left to theindividualmanager,basedon his or her
estimateof theminimumacceptableprobabilityof stocking
for anygiven stand.
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